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Intravenous treatment strategy for HE, focusing on the protection of vulnerable organs, including during pregnancy. The image highlights AOD in the brain,
heart, kidneys, eyes, and lungs, corresponding to conditions such as hypertensive encephalopathy, acute coronary syndromelaortic dissection, acute kidney
injury, hypertensive retinopathy, acute pulmonary edema, and pregnancy-related complications like preeclampsia. The intravenous medication bag denotes
drug classes such as sodium nitroprusside, NTG, beta-blockers, calcium channel antagonists (including dihydropyridines like clevidipine), and dopamine-1

receptor agonists like fenoldopam. All these drugs are designed to rapidly and effectively reduce BP, thereby preventing further organ damage.
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Abstract

Hypertensive emergencies (HE) are life-threatening
conditions triggered by sudden increases in blood
pressure (BP) exceeding 180 mmHg systolic and/or
110 mmHg diastolic levels, often resulting in acute
organ damage (AOD) and the risk of death. This article
discusses contemporary practices in diagnosing and
managing these episodes, emphasizing early recognition
and immediate therapeutic intervention. It highlights
the significance of a meticulous diagnostic assessment
for appropriate clinical and therapeutic approaches,
including detailed medical history, physical examination,
and complementary investigations. Treatment focuses
on the judicious use of intravenous antihypertensive
agents such as sodium nitroprusside, nitroglycerin
(NTG), beta-blockers, and calcium channel antagonists,
stressing careful administration to prevent further harm.
Individualization of treatment in HE is imperative and
should be meticulously tailored to the patient's clinical
profile and main complications, notably hypertensive
encephalopathy, acute pulmonary edema, acute coronary
syndromes, acute aortic dissection, and preeclampsia.
These conditions require differentiated approaches due
to their severity. The article underscores the scarcity
of randomized controlled clinical trials addressing all
daily practice questions regarding managing HE. This
is due to the complexity of available drugs, clinical
conditions, adverse effects, and drug interactions in
various scenarios.

Consequently, clinical wisdom and careful observation
remain pivotal in decision-making. It also addresses the
complexity of accurately measuring BP in emergency
settings, which can pose an additional diagnostic
challenge. Finally, it emphasizes the need for new
evidence to guide therapeutic practices in HE, aiming to
improve patient care and clinical outcomes continuously.

Definition and Diagnostic Criteria

Hypertensive emergencies (HE) are characterized
by acute elevations in systolic blood pressure (SBP) to
values equal to or greater than 180 mmHg and/or diastolic
blood pressure (DBP) to 110 mmHg or higher (category
3), which are associated with acute organ damage (AOD)
and immediate potential risk of death.’® The most
affected organ systems are neurological, cardiovascular,
and renal (Figure 1). It is essential to emphasize that a
mere increase in blood pressure (BP) does not constitute

an emergency unless there is associated AOD. Acute
cerebral, cardiovascular, hematological, renovascular, or
ophthalmological injuries require prompt intervention to
reduce BP and prevent further harm.* The most common
manifestations of HE include stroke and acute pulmonary
edema.’ Recognizing the severity and absolute values
of BP elevation is vital for early diagnosis and effective
intervention, aiming for a favorable prognosis for the
patient.

In contrast to HE, hypertensive urgencies,® a term
traditionally used to describe symptomatic increases
in BP without organ damage, are now recognized as
“uncontrolled hypertension.” Patients in this category do
not require hospitalization but rather a rigorous outpatient
follow-up to achieve BP control.> Hypertensive urgency
and emergency must be distinguished from the pseudo-
hypertensive crisis, which is characterized by a transient
elevation of BP in response to painful or emotional events,
such as headache, postural vertigo, anxiety, or panic
syndrome.*

Recent evidence underscores the importance of
lowering early and intensive BP to mitigate hematoma
expansion and improve clinical outcomes in acute
intracerebral hemorrhage. Studies like INTERACT-27
(Intensive BP Reduction in Acute Cerebral Hemorrhage
Trial 2) and ATTACH-2? (Antihypertensive Treatment of
Acute Cerebral Hemorrhage 2) highlight that achieving
target SBP levels of around 130-140 mmHg, initiated
as soon as possible using continuous intravenous
infusion of nicardipine, significantly reduces the risks
of death and major disability. Similarly, well-designed
prospective studies have demonstrated the critical impact
of BP management on patient outcomes, emphasizing
the benefits of rapid and stable BP control in minimizing
hematoma growth and reducing mortality and disability.

In summary, three rules of BP management (fast,
intense, and stable)’ should be considered for patients
with acute intracerebral hemorrhage to provide maximal
protection against hematoma expansion and subsequent
poor prognosis. Although Neurology has identified
various issues through multiple studies, more research
is needed to answer the broad and complex questions
regarding organ damage caused by severe hypertension.
Nonetheless, the triple rule that is composed of these
factors—Fast: initiate BP lowering treatment using
intravenous infusion as soon as possible; Intense: achieve
target SBP <140 mm Hg (130 mm Hg if possible) as soon as
possible; Stable: maintain stable control of SBP to optimize
patient prognosis—may serve as a valuable guideline to



Costa-Filho

Pharmacology of hypertensive emergencies

Int J Cardiovasc Sci. 2025; 38:220240117

Review Article

Hypertensive
encephalopathy,
Stroke

Retinopathy

multiple organ systems.
Source: Created by the author VE with BioRender.com.

Target organ
damage

te pulm
edema

Figure 1 - Depiction of critical organs and their related clinical complications are frequently encountered in hypertensive
emergencies. The affected areas encompass the brain, with potential consequences including stroke and hypertensive
encephalopathy; the eyes, with the possible development of retinopathy; the lungs, which may suffer from acute pulmonary edema;
the kidneys, at risk of progressing to renal failure; and the heart, susceptible to acute coronary syndrome (ACS) and acute

aortic dissection. Each condition demonstrates the critical and extensive consequences of significantly elevated blood pressure across
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help steer bedside management and optimize patient
outcomes.

Definitions of Hypertensive Urgencies and Emergencies
(2023 Guideline)

HE are characterized by a critical elevation of BP,
categorized as grade 3, which concurrently presents with
acute injuries to vital organs, establishing a framework of
AOD:? These are potentially life-threatening conditions
demanding immediate intervention to reduce BP,
typically through intravenous therapy (Table 1).> The
speed at which the BP elevation occurs can be as crucial as
the maximum value attained in assessing clinical severity
and the extent of damage to vital organs.’

Typical Clinical Presentations of HE

1. Severe hypertension is associated with conditions
necessitating intensified BP management, such as acute
stroke (hemorrhagic or ischemic/thromboembolic),
aneurysm or aortic dissection, acute heart failure,

acute coronary syndrome, and acute renal failure.
These emergent conditions can occur even with modest
increases in BP, which is sufficient to precipitate organ
failure.

2. Hypertension induced by pheochromocytoma or
the use of exogenous sympathomimetic substances,
such as the abuse of drugs like methamphetamine
or cocaine, can lead to rapid and severe elevations
in BP. This condition can progress to a hypertensive
emergency when accompanied by evidence of acute
target organ damage.

3. Severe forms of hypertensive disorders of pregnancy,
including preeclampsia/eclampsia accompanied by
HELLP syndrome (Hemolysis, Elevated Liver enzymes,
Low Platelet count), represent a hypertensive emergency.
Malignant hypertension, with or without the presence
of thrombotic microangiopathy or acute renal failure,
is characterized by fibrinoid necrosis in small arteries,
affecting organs such as the kidneys, retina, and brain.
Emergency symptoms vary depending on the affected
organ and may include headaches, visual disturbances,
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Table 1 - Intravenous agents, onset and duration of action, dosage, and pharmacological considerations for the immediate

treatment of HE.
First-li
Onset of Effect . HSEHIE
Drug X . Dosage Contraindications Adverse effects treatment
action Duration
(*HE)
Second or
third-d
0.5-1 mg/kg i.v. bolus. .1r egree .
. . o atrioventricular . Acute aortic
Esmolol 1 min 10-30 min 50-300 pg/kg/mini.v. . Bradycardia . .
. ) block, systolic heart dissection
infusion K
failure, asthma,
bradycardia
Second or
2.5-5 mg i.v. bolus over 2 third-degree
. min; may repeat every 5 atrioventricular . Acute aortic
Metoprolol 1-2 min 5-8h . X . Bradycardia . .
min to a maximum dose block, systolic heart dissection
of 15mg failure, asthma,
bradycardia
Malignant
hypertension
) with or without
10-20 mg i.v. bolus .
X L Second or renal failure,
in 1 min; incremental . .
third-degree hypertensive
doses of 20 mg may be . N L
. o . . atrioventricular Bronchoconstriction, encephalopathy,
Labetalol 5-10 min 3-6h administered i.v. at 10 min . . .
. block, systolic heart fetal bradycardia acute aortic
intervals (max 80 mg) or K . .
o ) failure, asthma, dissection, acute
1-3 mg/min i.v. infusion .
. . bradycardia coronary event,
until goal BP is reached .
severe eclampsia
or preeclampsia/
HELLP*
Malignant
hypertension
5-15 mg/h i.v. infusion, with or without
starting dose 5 mg/h, renal failure,
. .. . . X . . Headache, reflex .
Nicardipine 5-15 min 46h increase every 15-30 min Liver failure tachveardi hypertensive
achycardia
with 2.5 mg until goal BP Y encephalopathy,
(maximum 15 mg/h) severe eclampsia
or preeclampsia/
HELLP*
Acute coronary
5-200 in i.v. infusion, t, acuty
e e ‘o . g/pg/m.m i.v. infusion, Headache, reflex eve; acu.e
-5 min min 'min, increase eve cardiogenic
H . il tachycardia 8
5 min edema, acute
aortic dissection
0.3-0.5 ‘min i.v.
. . }ig/kg/ " Cardiogenic
infusion, increase by 0.5 . . .
. . . . . . Liver/kidney failure o o acute edema,
Nitroprusside Immediate 1-3 min pg/ kg/min every 5 min . Cyanide intoxication .
. . (relative) acute aortic
until goal BP (maximum . .
. dissection
dose 10 pg/kg/min)
12 i.v. infusion,
mg/h i.v. infusion, Acute
double the dose at . . .
S . . . . . Reflex tachycardia, perioperative
Clevidipine 2-4 min 5-15 min 90-second intervals Severe aortic stenosis .
L . headache hypertension,
initially (maximum dose HE

32 mg/h)
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0.1-0.3 pg/kg/min i.v.
infusion, increase by
30-60 min

Fenoldopam <5 min

1.6 pg/kg/min)

0.05-0.1 pg/kg/min every
15 min (maximum dose

Glaucoma, sulfite Headache, flushing, HE, acute renal

allergy tachycardia failure

This table provides detailed information on the primary intravenous medications used in HE, including their onset of action, duration of effect, recommended
dosages, contraindications, and adverse effects. It also highlights the specific clinical scenarios where each medication is indicated as first-line treatment. *HE:
Hypertension Emergencies; Photosensitive Drug; +HELLP: HELLP syndrome is a severe pregnancy complication characterized by hemolysis, elevated liver
enzymes, and a low platelet count. The pathophysiology of HELLP syndrome is not fully understood, but it involves vascular endothelial damage and activation

of the coagulation cascade, leading to microangiopathic hemolytic anemia, hepatic dysfunction, and thrombocytopenia. Symptoms may include malaise, upper
abdominal pain, nausea, vomiting, headache, and visual disturbance. Management often necessitates the delivery of the fetus, regardless of gestational age, especially
in severe cases or when there is evidence of end-organ damage or a threat to the life of the mother or fetus. Postpartum recovery requires close monitoring and

supportive care. Source: Adapted from Mancia et al?

LV.: intravenous; HE: hypertensive emergencies; BP: blood pressure; HELLP: hemolysis, elevated liver enzymes, low platelet; NTG: nitroglycerin.

photopsia, dizziness, neurological deficits, chest pain,
and dyspnea. Manifestations such as hypertensive
encephalopathy, drowsiness, lethargy, tonic-clonic
seizures, and cortical blindness may precede loss of
consciousness. Focal neurological lesions are rare but
can be indicative of acute stroke.

"Hypertensive urgency" describes severe hypertension
without evidence of AOD. The extent of hypertensive
urgencies is not well-defined, primarily due to the
different criteria used for its definition. The ambiguity
between "hypertensive urgency" and "hypertensive
crisis" has influenced epidemiological data.?

Objective

The main objective of this article was to provide
a detailed review of the strategic use of intravenous
medications in HE, focusing on protecting target organs
and reducing mortality and morbidity.

Methodology

To conduct this review, we adopted a systematic
bibliographic search approach. Searches were conducted
in the PubMed, Scopus, and Web of Science databases
using specific descriptors such as “HE,” “intravenous
antihypertensives,” and “AOD.” Article selection
included studies published between 2000 and 2023,
emphasizing systematic reviews, meta-analyses, and
randomized clinical trials. Articles not available in
English or Portuguese were excluded.

The appropriate approach to HE is crucial for
protecting target organs and minimizing long-term
damage. The strategic use of intravenous medications
plays a vital role in this context, allowing for rapid

titration of BP and targeted action on the most vulnerable
organs, such as the brain, heart, and kidneys. The central
goal of this management is to stabilize the patient as
quickly as possible in a hospital setting (intensive care
unit, ICU) to preserve organ function and prevent
fatal complications.>!” To ensure an effective and safe
therapeutic approach, the selection of pharmacotherapy
in managing HE should be based on well-established
scientific evidence,' a thorough analysis of the
clinical presentation, and a deep understanding of the
pharmacodynamics and pharmacokinetics of therapeutic
options (Table 1). Furthermore, adopting rigorously
established clinical protocols reflecting contemporary
guidelines helps minimize medical practice variability and
reinforces patient management uniformity. Continuous
monitoring of vital parameters is imperative, not only
for optimizing clinical outcomes but also for promoting
maximum safety during patient treatment.

Initial Diagnostic Approach in HE

The initial clinical evaluation in cases of HE is
paramount. It should be comprehensive and rapid,
encompassing the patient's medical history, a thorough
physical examination, and, when indicated, imaging
studies aiming to reduce associated morbidity and
mortality (Table 2). The detailed collection of the medical
history should focus on the duration and severity
of pre-existing hypertension and the identification
of prior target organ injuries. It is crucial to conduct
a meticulous investigation into the previous use of
antihypertensive medications' and their effectiveness
in historical BP control, as well as identifying the
use of other substances that may affect BP levels. BP
measurement in the supine and orthostatic positions
in both arms is recommended to rule out pathological
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Table 2 - Specific exams for each type of hypertensive emergency.

HE Diagnostic Work-Up Of Hypertension Emergencies

Acute Pulmonary Edema

Serum brain natriuretic peptide (BNP) if available, echocardiogram

Acute Coronary Syndrome

Markers of myocardial necrosis (always), coronary angiography (almost always)

Acute Aortic Dissection

Computed tomography, transesophageal echocardiogram, magnetic resonance angiography,

angiography

Hypertensive Encephalopathy

Head computed tomography (to rule out stroke)

Stroke

Head computed tomography

Elevated lactate dehydrogenase, presence of microangiopathic hemolytic anemia, elevated liver

Pre-Eclampsia

transaminases, proteinuria > 2 g in 24 h, creatinine > 1.2 mg/dL, SBP > 160 mmHg,

or DBP > 110 mmHg

Drug-Induced Hypertensive Crisis

Toxicology screen (urine or blood), electrocardiogram , serum electrolytes, renal function tests, liver
function tests, head computed tomography (if neurological symptoms are present)

This table outlines the specific diagnostic work-up required for different HE. It includes recommended exams and tests to accurately diagnose and manage

each condition. Source: Created by the authors. HE: Hypertensive emergencies

conditions such as aortic dissection, which can manifest
significant discrepancies in BP between limbs."? This
practice should be complemented by careful palpation
of arterial pulses in all extremities, thus ensuring a
comprehensive vascular assessment.

Complementary Tests

A series of ancillary examinations are indispensable
in managing HE and urgencies. Standard tests, forming
the cornerstone of diagnostic evaluation, include:

¢ Fundoscopy to assess vascular changes in the
fundus of the eye.

e 12-lead electrocardiogram —crucial for detecting
cardiac abnormalities.

¢ Complete blood count, encompassing hemoglobin
and platelet counts, fibrinogen evaluation, and
peripheral smear examination to detect hematological
alterations.

* Assessment of renal function through creatinine,
estimated glomerular filtration rate, electrolytes,
lactate dehydrogenase, and haptoglobin to assess
tissue damage.

¢ Urinary albumin-creatinine ratio and urinary
microscopy, searching for erythrocytes, leukocytes,
and/or cylinders that may indicate nephropathy.

* Pregnancy testing in women of childbearing age to
exclude obstetric complications.

Additionally, specific tests are performed based on
the patient’s clinical presentation and diagnostic
suspicion:

* Troponin and prohormone N-terminal pro-
brain natriuretic peptide (NT-ProBNP) in cases
of suspected heart failure and/or acute coronary
syndrome.

® Chest radiography or ultrasound to identify
pulmonary congestion and fluid overload.

® Echocardiography to assess heart failure, acute
ischemia, or aortic dissection.

¢ Chest and/or abdominal computed tomography
angiography is used to diagnose aortic disease, such
as dissection.

® Brain computed tomography or magnetic
resonance imaging to investigate nervous system
involvement."!

¢ Renal ultrasound in cases of renal impairment or
suspected renal artery stenosis.

¢ Urine collection for detection of substances, such
as cocaine or methamphetamine.

Comparisons with previous tests are valuable to
identify the progression of target organ damage."
In situations of altered mental status or markedly
elevated BP, performing brain computed tomography
or magnetic resonance imaging is imperative to
exclude hemorrhage or hypertensive encephalopathy.
This comprehensive and stratified approach ensures
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precise assessment and effective treatment of acute
hypertensive conditions.

Individualized Pharmacological Strategies

The treatment of HE based on the patient's
clinical condition is illustrated in Figure 2. The ideal
medication for the management of HE should be
fast-acting, reversible, and have minimal side effects.
However, defining a pharmacological agent that
meets all these criteria is challenging, and choosing
the most suitable medication for these situations
remains uncertain. The lack of robust studies and
evidence from randomized, double-blind clinical trials
confirming the efficacy of antihypertensive drugs
in reducing morbidity and mortality complicates
the decision-making process.* Nonetheless, based
on clinical experience and observed outcomes,
antihypertensive treatment is believed to be beneficial
and can reduce mortality. Several critical studies have
supported the use of intravenous antihypertensives.
The Efficacy Study of Clevidipine Assessing its
Preoperative Antihypertensive Effect in Cardiac
Surgery (ESCAPE 1) trial,”” a randomized, double-
blind, placebo-controlled study involving 105 heart
surgery patients, demonstrated a >15% reduction in
BP with clevidipine compared to placebo (82.7 vs.
7.5%, p<0.0001). The Efficacy Study of Clevidipine
Assessing its Postoperative Antihypertensive Effect
Surgery-2 (ESCAPE 2) trial,'® double-blind and
placebo-controlled, assessed clevidipine's efficacy and
safety in hypertensive patient’s post-heart surgery.
Clevidipine significantly outperformed placebo,
reducing BP by 5.7 vs. 0.1 mm Hg (p<0.0001), with an
onset of action within 2 minutes.

The Evaluation of the Ultra-Short-Acting Clevidipine
in the Treatment of Patients with Severe Hypertension
(VELOCITY) trial,'”'® a multicenter, open-label, quasi-
trial, evaluated clevidipine's safety and BP control in
126 hypertensive patients in emergency and intensive
care settings. The study showed a 6% BP reduction
within the first 3 minutes and a total 15% reduction
after 9.5 minutes, with a 27% reduction after 18 hours
of infusion. It also demonstrated safety for patients
with renal and heart failure.

The Efficacy Study of Clevidipine in the Perioperative
Treatment of Hypertension Assessing Safety Events
(ECLIPSE) trial,’” a multicenter, randomized,
non-blinded study, evaluated 1,512 patients with

perioperative hypertension. Clevidipine was compared
to nicardipine, nitroglycerin (NTG), and sodium
nitroprusside (SNP). Clevidipine showed superior BP
control with fewer fluctuations compared to NTG and
SNP, and it reduced 30-day mortality rates compared
to SNP (4.7 vs. 1.7%)* However, this difference was not
statistically significant after adjusting for confounding
factors. The ECLIPSE trial, corroborating the results
in other trials (ESCAPE 1 and 2 and VELOCITY),
demonstrated clevidipine's safety and effectiveness
for acute hypertension therapy, with reduced pressure
fluctuations compared to NTG and SNP, the drugs
most used in Brazil for rapid pressure control.’

Patients with HE are typically admitted to ICUs,
treated with intravenous and antihypertensives,
and closely monitored (Table 3). General guidelines
include reducing mean BP by up to 25% in the first
hour and achieving a BP between 160/100-110 mmHg
in the next 2—6 hours to reach a BP of 135/85 mmHg in
the subsequent 24-48 hours'? (Figure 2).

Uncertainties and Challenges in BP Measurement
in Emergency Settings

In the emergency room, BP measurements often
do not adhere to guidelines and can be inaccurate.
Elevations in BP are expected, with hypertensive
values observed in 48% of patients referred to the
emergency department within one year.?! The clinical
relevance of these elevations is not entirely clear, as
in many patients, high BP normalizes after the relief
of pain, stress, and anxiety associated with an alert
reaction. However, some studies have not found
a close relationship between BP and pain, stress,
or anxiety in the emergency setting. Furthermore,
although BP measurements in the emergency room
are generally not recommended for cardiovascular
risk stratification, an association has been reported
between BP measured in the emergency room and
cardiovascular outcomes. It is essential to investigate
whether there has been prior use of medications
or substances that may cause an increase in BP or
counteract the reduction in BP due to treatment. If BP
is not severely elevated and the clinical picture does
not suggest a hypertensive emergency, unassisted
BP measurements should be taken with the patient
alone in a calm environment, as such measurements
typically do not trigger an alert reaction. BP
measurements should be repeated at least at 1-hour
intervals, and evidence suggests that in 30% of
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Table 3 — Evidence-Based Intravenous Antihypertensive Treatments for Critical Hypertensive Conditions.

Drug of Choice Condition Dosage Author
Esmolol: 500-1000 mcg/kg/min loading dose, 50 ug/kg/
Esmolol, o . min infusion, maximum 200 ug
Acute aortic dissection . . 2458
Labetalol Labetalol: 20 mg intravenous over 2 min, repeat or double
every 10 min, up to 300 mg
NTG: 5-20 pg/min
NTG, Clevi.dipine, Acute pulmonary edema Nitroprusside: 0.3-0.5 pg/kg/min, maximum 20,4551
Nitroprusside 10 mcg/kg/min
Clevidipine: 1-2 mg/h, maximum 32 mg/h
Acute myocardial infarction, Esmolol: same as above 5
Esmolol, NTG . . 4351
Unstable angina pectoris NTG: same as above
Clevidipine, Acute renal failure Fer.\oldo.pz.im: 0.1-0.3 pg/k.g/min, maximum 1.6 ug/kg/min
Fenoldopam, . Nicardipine: 5-30 mg/h, increments of 2.5 mg/h every 15 2
. . intracerebral hemorrhage X K K
Nicardipine minutes as needed, with a maximum dose of 15 mg/h
Hydralazine: 20 mg intravenous, repeat every 4-6 h if
. Eclampsia, needed
Hydralazine, Labetalol . R 1929
Pre-eclampsia Labetalol: 0.3-1.0 mg/kg, maximum 20 mg, followed by
0.4-1.0 mg/kg/h, maximum cumulative dose 300 mg

Clevidipine, Esmolol, . . .

. . Postoperative surgical hypertension Dosages as above for each drug o2
NTG, Nicardipine
Clevidipine, Nicardipine, Pheochromocytoma crisis, Phentolamine: 5 mg intravenous bolus, repeat every 10 5
Phentolamine Hyperadrenergic state min as needed

. . . 1.25 mg intravenous over 5 min
Enalaprilat High plasma renin state s

Repeat up to 5 mg every 6 h as needed
o Acute heart failure with L

Clevidipine As above for clevidipine o

hypertension

. L. Hypertensive emergency in
Nicardipine, Labetalol
Emergency Department

Nicardipine: 5-30 mg/h
Labetalol: 0.3-1.0 mg/kg

52,54

This table provides a detailed guide on the use of intravenous antihypertensive drugs for various HE. It lists the drugs of choice, the specific conditions
they are used for, the recommended dosages, and the respective authors who recommend these treatments. This format helps practitioners make informed
decisions on appropriate antihypertensive therapy in critical settings. Source: Created by the authors.

NTG: nitroglycerin

patients, BP decreases to grade 2 or lower values
within 30 minutes.?

Another category of hypertensive crisis, though
rarely addressed in the literature and clinical practice,
is the pseudo-hypertensive crisis. Its definition
was established in Brazilian literature during the
Multicenter Meeting on Hypertensive Crises® and in
the 7" Brazilian Guideline of Arterial Hypertension,*
describing it as a transient elevation of BP.

A notable retrospective study by Pierin et al.®
involving over 500 patients treated for hypertensive
crises in the emergency room identified that the
majority of patients were female, with an average

age in the fifth decade of life. Patients with HE were
significantly older than those with hypertensive
urgencies and pseudo-hypertensive crises, though
there was no significant difference in sex among these
categories. Epidemiological data provided by the authors
were as follows:

* Hypertensive Emergency: Mean age 62.7, standard
deviation * 12.9 years (Initial BP measurement:
elevated, with mean SBP of 214.8429.2 mmHg and
DBP of 130.8+14.9 mmHg).

¢ Hypertensive Urgency: Mean age 54.6+14.0 years
(Initial BP measurement: moderate, with mean SBP
of 197.2+23.6 mmHg and DBP of 124.9£9.2 mmHg).
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TARGET ORGANS AFFECTED IN HYPERTENSIVE EMERGENCY
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Figure 2 — Pharmacological strategies for target organ damage in hypertensive emergencies (HE). Acute pulmonary edema (APE) is
treated with loop diuretics and vasodilators; acute coronary syndrome (ACS) with antiplatelet agents, beta-blockers, and nitrates;
acute aortic dissection (AAD) with beta-blockers and vasodilators; pre-eclampsia (PE) with magnesium sulfate, beta-blockers, alpha
methyldopa or hydralazine; and hypertensive encephalopathy (HTE) with vasodilators or calcium channel blockers.

Source: Created by the author VE with biorender.com. BNP: brain natriuretic peptide; TC: Computed Tomography.

¢ Pseudo-hypertensive Crisis: Mean age 52.0+13.4 years
(Initial BP measurement: transient, with mean SBP of
197.7+22.9 mmHg and DBP of 124.5+8.1 mmHg).

The p-value for age comparison was <0.001,
highlighting the significant age differences among these
groups. Also, the p-value for SBP and DBP comparisons
between the groups was <0.001, further underscoring
the substantial differences in BP readings among
the hypertensive emergency, urgency, and pseudo-
hypertensive crisis groups. This detailed stratification
enriches the epidemiological analysis of hypertensive
crises in the Brazilian context.

Definition and Epidemiology of HE

The therapeutic approach to HE, condition that
trigger AOD and potential lethality, was simplified
by introducing the acronym BARKH, which identifies

the most frequently affected organs: Brain, Arteries,
Retina, Kidneys, and Heart (Figure 1). Although
BARKH? contributes to the immediate identification
and management of HE, it has limitations as it does not
encompass all clinical possibilities of organ damage
and is not described in the latest guidelines.®* When
defined by acute organ injury, HE is low, occurring in
approximately 0.5% of patients.?® The stability of this
rate over the past two decades contrasts with higher
prevalence in developing nations, where hypertension
affects a population exceeding one billion individuals.
HE is associated with significant mortality, approaching
4%, with elevated BP levels being determinants in the
progression of organ damage and patient prognosis.
Incidence data from emergency services indicate that HE
are more prevalent in older adults, with a higher incidence
in males and individuals of lower socioeconomic status.”
Therefore, the emphasis is placed on prompt clinical
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recognition with swift intervention, establishing targeted
therapeutic strategies to minimize organ damage and
optimize patient clinical outcomes (Table 3).

Strategy for the Use of Intravenous Antihypertensives
in HE

Sodium Nitroprusside

SNP is a vasodilator that acts on arterial and venous
vessels, reducing pre- and afterload. It releases nitric
oxide, increasing the formation of cyclic guanosine
monophosphate in vascular smooth muscle cells,
promoting relaxation and vasodilation. Administered by
continuous infusion at a dosage of 0.25 to 10 ug/kg/min
intravenously, it has an immediate onset of action and
a duration of 1-2 minutes. SNP is indicated for various
HE, including malignant hypertension, hypertensive
encephalopathy, and stroke. However, its side effects and
precautions include the risk of cyanide poisoning, the
development of severe hypotension, and the occurrence
of nausea and vomiting. It should be used cautiously in
patients with renal or hepatic insufficiency and those
with elevated intracranial pressure. Protecting the drug
from light is essential during administration due to its
photosensitivity.” Cyanide poisoning can be treated
with hydroxocobalamin, which binds to cyanide to form
cyanocobalamin. The typical dose for adults is 70 mg/kg
intravenously, equivalent to 5 grams. Adverse effects may
include skin reactions and nausea. Sodium thiosulfate
is an alternative that aids in the elimination of cyanide
from the body. The standard adult approach involves
administering 300 mg of sodium nitrite and 12.5 grams
of sodium thiosulfate intravenously. Combined use with
hydroxocobalamin is not recommended (Table 3).

Calcium Channel Blockers and Fenoldopam in HE

Calcium channel blockers, including clevidipine and
nicardipine, are fundamental in managing HE. These
drugs act specifically by inducing arterial vasodilation,
contributing to the rapid reduction of BP, a critical aspect
in emergencies. Fenoldopam, a selective dopamine type-
1 receptor agonist, promotes vasodilation in the renal
and cerebral areas, rapidly lowering BP. However, its
use requires caution in patients with glaucoma due to
the risk of increased intraocular pressure.

In Brazil, the preference for SNP is often due to
healthcare professionals' familiarity with this medication
and its availability in the market. However, clevidipine

and nicardipine have comparable efficacy and ease of
dosage adjustment *. It is essential to emphasize that the
use of diuretics in hypertensive crises should be avoided
due to their variable effect on volume status.'

Nicardipine and clevidipine are established agents
in the management of HE, such as preeclampsia, where
rapid stabilization of BP is crucial. These drugs are
effective a controlling BP and safe for both the mother
and the fetus. Calcium channel blockers like nicardipine
offer the benefit of BP control without significantly
reducing uteroplacental blood flow, a vital aspect in this
clinical context.? The choice of a calcium channel blocker
in HE should be individualized, considering the drug's
efficacy, the patient's clinical characteristics, and available
resources. This decision should be based not only on the
clinical effectiveness of the agents but also on the specific
context of each patient, their clinical conditions, and the
capabilities of the local healthcare system. However, it
is essential to mention that there is no single standard
for use—choices are based on individual experiences
and responses. For example, the drugs of choice for
treating postoperative surgical hypertension include
the administration of intravenous clevidipine, esmolol,
NTG, and nicardipine. A systematic review and meta-
analysis reported that clevidipine was the drug of choice
for treating acute postoperative hypertension® (Table 3).

NTG

NTG is a pharmacological vasodilator primarily
employed to alleviate angina crises in patients with
chest pain and suspected acute myocardial infarction.
The vasodilatory effects of NTG result from the release
of nitric oxide, which induces venous vasodilation at
low doses and arteriolar vasodilation at higher doses,
reducing both pre- and afterload.®*! Nitric oxide activates
the enzyme guanylate cyclase, which converts guanosine
triphosphate into cyclic guanosine monophosphate
in vascular smooth muscle, inducing relaxation and
consequent reduction in pre- and afterload.’** This
effect is notable in the coronary circulation, where it
significantly increases cardiac perfusion, making NTG
ideal for angina treatment in the context of acute coronary
syndrome®* and HE, such as acute heart failure, acute
pulmonary edema,® and aortic dissection.”*® NTG is
rapidly absorbed through the skin, mucous membranes,
and gastrointestinal tract, being highly bioavailable.*
The sublingual tablet is the most common form of
administration. Following administration, vasodilatory
effects manifest within 1-3 minutes, with a peak action
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at 5 minutes. The liver primarily metabolizes NTG
and has a half-life of 2-3 minutes.? Other routes of
administration include lingual (spray), sublingual
(spray or tablet), topical (ointment or transdermal
patch), and intravenous.¥3*

Adverse effects of NTG are primarily associated
with the hypotensive impact of the drug. Patients
may report symptoms of orthostatic hypotension,
including dizziness, weakness, palpitations, and
vertigo. Manifestations such as nausea, vomiting,
sweating, pallor, and syncope can occur, even at
therapeutic doses. Syncope is a significant risk,
mainly when NTG is used with phosphodiesterase-5
(PDE-5) inhibitors.*® In patients with occlusion of
the right coronary artery, it is essential to exclude
right ventricular infarction before administering
NTG to prevent severe hypotension and cardiogenic
shock.” NTG is contraindicated in patients with
hypersensitivity to the drug, increased intracranial
pressure, severe anemia, or myocardial infarction
involving the right ventricle. Combining NTG with
PDE-5 inhibitors, such as sildenafil, vardenafil, or
tadalafil, is not recommended due to the increased
risk of severe hypotensive effects and syncope.*** For
patients with acute myocardial infarction or unstable
angina pectoris and severe hypertension, intravenous
esmolol is recommended, with intravenous NTG as an
additional option if needed.* Importantly, care must be
taken to avoid lowering the DBP below 60 mmHg with
NTG infusion to prevent reduced coronary perfusion
and aggravated myocardial ischemia (Table 3).

Beta-Blockers

Beta-blockers antagonize (-adrenergic receptors
and are widely used in clinical practice. Their
classification is based on selectivity for 3-1 and
[-2 receptors, intrinsic sympathomimetic activity,
lipid solubility, vasodilatory potential, and distinct
pharmacokinetics. Developed in three generations, the
first includes non-selective agents like propranolol,
which affect both (3-1 and (3-2 receptors. The second
generation comprises drugs selective for the -1
receptor, such as atenolol, bisoprolol, and metoprolol.
The third generation encompasses drugs that may
be selective or non-selective for the (-1 receptor and
possess additional properties, such as a-1 receptor
antagonism or the ability to induce nitric oxide
production, expanding their applicability in medical
practice.*

Furthermore, patients with acute myocardial
infarction or unstable angina pectoris and severe
hypertension should be treated with intravenous
esmolol ¥. Beta-blockers should not be used for acute
pulmonary edema treatment. For HE, excluding
acute aortic dissection, BP should be reduced by
approximately 20 to 25% within the first hour, then
gradually lowered to 160/100 mmHg over the next 2-6
hours, and cautiously normalized over the following
24-48 hours*#® (Figure 2, Table 3). Labetalol, a
combined alpha- and beta-blocker, is particularly
effective in managing HE, including aortic dissection,
hypertensive encephalopathy, eclampsia, and
preeclampsia. Its rapid onset and dual administration
routes (intravenous and oral) make it versatile,
lowering BP safely without significantly reducing
cardiac output or uteroplacental blood flow (Table 3).

Management of Specific Situations

a. Hypertensive Encephalopathy

Hypertensive encephalopathy is a neurological
condition resulting from cerebral edema due to a sudden
and/or sustained elevation of BP, often affecting patients
with chronic hypertension. However, it can also occur
in previously normotensive individuals. Impairment of
cerebral autoregulation mechanisms is implicated in the
etiology of this condition. Symptoms of hypertensive
encephalopathy develop gradually, including headache,
nausea, vomiting, and visual disturbances such as
changes in visual fields, photopsia, blurred vision,
visual hallucinations, mental confusion, coma,
generalized seizures, and increased reflexes. Treatment
aims for controlled and gradual BP reduction, as sudden
and intense reductions can compromise cerebral blood
flow and autoregulation capacity. In the management
of hypertensive encephalopathy, the use of SNP is often
recommended. In some contexts, other therapeutic
options such as nicardipine, clevidipine, labetalol,
or fenoldopam are also available and indicated.
Additionally, it is advisable to initiate treatment with
oral antihypertensive agents within the first 24-48 hours
to ensure adequate BP control' (Figure 2, Table 3).

b. Acute Pulmonary Edema

Approximately one-third of patients hospitalized
with acute pulmonary edema and HE have preserved
left ventricular function, and myocardial ischemia
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may play a relevant role in this case. In this severe
context, ICU management is essential, involving
intravenous medication, continuous monitoring, and
gradual reduction of BP. The initial goal is to decrease
mean arterial pressure by 20 to 25% in the first hours,
avoiding sudden reductions that could lead to cerebral
hypoperfusion.'* As vasodilators, NTG and SNP are
employed to reduce both pre- and afterload. Loop
diuretics are also used to decrease volume overload
and BP. In certain situations, continuous positive
airway pressure (CPAP) application may be beneficial
in mitigating pulmonary edema and improving
venous return' (Figure 2, Table 3).

c. Acute Coronary Syndrome

In coronary syndromes, an increase in BP can be
observed as a response to myocardial hypoxia resulting
from ischemia. This condition leads to an elevation in
peripheral vascular resistance, intensifying myocardial
oxygen demand. Therapeutic efforts focus on reducing
cardiac workload without precipitating an increase
in heart rate or a substantial reduction in preload,
which could inadvertently elevate myocardial oxygen
consumption. The therapeutic goal is to regulate SBP
to remain below 140 mmHg, avoid reductions below
120 mmHg, and manage DBP to maintain levels within
the 70-80 mmHg range. Given their pharmacological
efficacy in modulating BP parameters, this balance
can be achieved using medications such as esmolol,
metoprolol, or NTG. Intravenous nitrates are a
therapeutic option that reduces peripheral vascular
resistance, improves coronary perfusion, and exerts
a significant systemic vasodilatory effect, decreasing
preload and myocardial oxygen consumption. The
use of hydralazine, SNP, or nifedipine is generally
discouraged due to the potential to cause suboptimal
blood flow redistribution.® Consequently, the
clinical application of these medications is typically
contraindicated, except in cases of severe hypertension
in preeclampsia* (Figure 2, Table 3).

d. Acute Aortic Dissection

In suspected acute aortic dissection, the goal
is to achieve a SBP below 120 mmHg and a heart
rate below 60 bpm. The isolated use of SNP is not
ideal, as it can increase heart rate and aortic ejection
velocity, worsening the dissection. Therefore, it
should be combined with a fast-acting, intravenously

adjustable beta-blocker. For asthmatic patients, non-
dihydropyridine calcium channel blockers are a
viable alternative. Intravenous opioid administration
for pain control is also a critical strategy*’ (Figure 2,
Table 3).

e. Hypertension in Pregnancy

In cases of severe hypertension during pregnancy,
hospitalization is crucial to reduce BP to less than
160/105 mmHg and manage preeclampsia. Continuous
cardiotocographic monitoring is necessary. The choice
of antihypertensive medications varies depending on
the diagnosis, proximity to delivery, the presence of
preeclampsia, and the preferences and experience
of the physician. Nifedipine is recommended for
pregnant women with severe hypertension, while
labetalol and hydralazine have limited effectiveness.
In cases of severe preeclampsia or persistent or
recurrent hypertension, intravenous administration
of labetalol or urapidil is indicated. For mild
preeclampsia or hypertension without preeclampsia,
a multi-drug regimen is effective. Hydralazine is
used only if labetalol or urapidil is not available or
does not lower BP, and it should be avoided before
delivery due to adverse perinatal effects. SNP is a
last resort due to the risk of fetal cyanide poisoning.
In preeclampsia with pulmonary edema, NTG is the
drug of choice (Tables 3 and 4). For pregnant women
in remote rural areas far from hospitals, a 10 mg short-
acting nifedipine can be administered orally, with a
second dose after one hour if necessary.? Short-acting
sublingual nifedipine is contraindicated. Women who
experience hypertension during their first pregnancy
are at a greater risk of developing hypertension and
hypertensive disorders in subsequent pregnancies
with an increased risk if hypertension occurs earlier
in the first pregnancy®!** (Figure 2, Table 3).

f. Preeclampsia

The treatment of severe hypertension in
preeclampsia is crucial to mitigating maternal and
fetal risks. Intervention becomes imperative when
the SBP reaches 160 mmHg or the DBP reaches 110
mmHg. The American College of Obstetricians and
Gynecologists endorses nifedipine, labetalol, and
hydralazine as primary antihypertensive agents in
these cases.* Nifedipine, a calcium channel antagonist,
and labetalol, a beta-blocker, are preferred for their
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effectiveness and safety. Hydralazine is traditionally
used but cautiously due to the risk of inadequate
blood flow redistribution. The choice of medication
depends on clinical circumstances and availability
of administration, with nifedipine being particularly
beneficial when intravenous access is challenging.
However, nifedipine is especially effective in
reducing BP as monotherapy in eclampsia. In
resource-abundant settings, hydralazine is preferred
for hypertensive crises due to its rapid action and
lack of rebound phenomenon. In resource-limited
environments, nifedipine is recommended for its
affordability and ease of administration, although
monitoring after six hours is required to avoid
rebound effects. The frequency of administration of
these drugs is adjusted to local practices and current
recommendations, emphasizing the customization
of therapy to maintain adequate BP control and
uteroplacental perfusion (Figure 2, Table 3).

Conclusion

HE require rapid diagnostic and therapeutic
interventions to prevent severe organ damage

and reduce mortality risk. Effective management
involves using intravenous medications tailored
to the patient's clinical presentation and AOD. The
structured approach depicted in Figures 2 and 3
guides assessment, medication administration, and
monitoring in HE. Medications like NTG, calcium
channel blockers, and beta-blockers each play
specific roles depending on the clinical scenario,
with careful consideration of their contraindications.
Individualized treatment and close monitoring
are crucial to improving outcomes. In Brazil, the
public healthcare system primarily relies on sodium
nitroprusside, labetalol, and hydralazine, facing
limitations in accessing newer agents. The private
sector offers a broader array, improving access
to rapid treatment. Challenges in accurate BP
assessment necessitate a comprehensive diagnostic
approach, with repeated evaluations to confirm
hemodynamic status. Ultimately, managing HE is a
continuously evolving practice, requiring up-to-date
knowledge, multidisciplinary collaboration, and
ongoing professional education to ensure high-quality
patient care.

Inicial assessment Diagnostic testing

Measure BP in both arms in

Step-by-Step Approach in Hypertensive Emergencies

Medication
administration

Monitoring and
adjustment

supine and orthostatic
positions. Perform a
comprehensive physical exam
and gather a detailed medical
history, focusing on previous
hypertension and target organ
damage.

Complications: misdiagnosis
from inaccurate BP readings.
Delayed treatment initiation.

Conduct fundoscopy, 12-lead
ECG, and blood tests (CBC,
renal function, electrolytes).
Order imaging studies if
necessary (CT scan, MRI,
echocardiography)

Complications: delays in test
results. Incomplete workup
leading to missed organ
damage.

Select suitable IV
antihypertensives (SNP, NTG,
BBs, CCAs). Administer with
continuous monitoring in the

ICU.

Complications: severe
hypotension risk or other
adverse effects. Drug
interactions and
contraindications.

Continuously monitor vital
signs and clinical status. Adjust
medication dosages based on
response. Start oral
antihypertensives within 24-48
hours.

Complications: BP fluctuations
needing further adjustments.
Risk of inadequate BP control.

potential complications at each step.

Figure 3 — Step-by-Step Management of Hypertensive Emergencies. This flowchart outlines a structured approach for the initial
assessment, diagnostic testing, medication administration, and ongoing monitoring in hypertensive emergencies, highlighting

Source: Created by the authors. BP: blood pressure; ECG: electrocardiogram; CBC: complete blood count; CT: computed tomography; MRI: magnetic
resonance imaging; SNP: sodium nitroprusside; NTG: nitroglycerin; BBs: beta-blockers; CCAs: calcium channel antagonists; ICU.: intensive care unit.




Int J Cardiovasc Sci. 2025; 38:€20240117

Review Article

Costa-Filho

Pharmacology of hypertensive emergencies

Author Contributions

Conception and design of the research: Estato V;
acquisition of data, analysis and interpretation of the
data, writing of the manuscript and critical revision
of the manuscript for intellectual content: Silva MC,
Costa-Filho RC, Estato V.

Potential Conflict of Interest

No potential conflict of interest relevant to this

article was reported.

References

1. Barroso WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes MA, Brandao
AA, Feitosa ADM, et al. Brazilian Guidelines of Hypertension - 2020. Arq
Bras Cardiol. 2021;116(3):516-58. doi: 10.36660/abc.20201238.

2. Johnson W, Nguyen ML, Patel R. Hypertension Crisis in the Emergency
Department. Cardiol Clin. 2012;30(4):533-43. doi: 10.1016/j.cc1.2012.07.011.

3. Mancia G, Kreutz R, Brunstrom M, Burnier M, Grassi G, Januszewicz A,
etal. 2023 ESH Guidelines for the Management of Arterial Hypertension
The Task Force for the Management of Arterial Hypertension of the
European Society of Hypertension: Endorsed by the International Society
of Hypertension (ISH) and the European Renal Association (ERA). J
Hypertens. 2023;41(12):1874-2071. doi: 10.1097/HJH.0000000000003480.

4. Miller J, McNaughton C, Joyce K, Binz S, Levy P. Hypertension
Management in Emergency Departments. Am ] Hypertens.
2020;33(10):927-34. doi: 10.1093/ajh/hpaa068.

5. Astarita A, CovellaM, Vallelonga F, Cesareo M, Totaro S, Ventre L, et al.
Hypertensive Emergencies and Urgencies in Emergency Departments: A
Systematic Review and Meta-Analysis. ] Hypertens. 2020;38(7):1203-10.
doi: 10.1097/HJH.0000000000002372.

6. Pierin AMG, Flérido CF, Santos JD. Hypertensive Crisis: Clinical
Characteristics of Patients with Hypertensive Urgency, Emergency
and Pseudocrisis at a Public Emergency Department. Einstein.
2019;17(4):eAO4685. doi: 10.31744/einstein_journal/2019A04685.

7. Anderson CS, Heeley E, Huang Y, Wang ], Stapf C, Delcourt C, et al.
Rapid Blood-Pressure Lowering in Patients with Acute Intracerebral
Hemorrhage. N Engl ] Med. 2013;368(25):2355-65. doi: 10.1056/
NEJMoa1214609.

8. Qureshi AI, Palesch YY, Barsan WG, Hanley DF, Hsu CY, Martin
RL, et al. Intensive Blood-Pressure Lowering in Patients with Acute
Cerebral Hemorrhage. N Engl ] Med. 2016;375(11):1033-43. doi: 10.1056/
NEJMoal603460.

9. Arima H. Three Rules for Blood Pressure Management in Acute
Intracerebral Hemorrhage: Fast, Intense and Stable. Hypertens Res.
2023;46(1):264-5. doi: 10.1038/s41440-022-01092-y.

10. Lurbe E, Agabiti-Rosei E, Cruickshank JK, Dominiczak A, Erdine S,
Hirth A, et al. 2016 European Society of Hypertension Guidelines for
the Management of High Blood Pressure in Children and Adolescents.
J Hypertens. 2016;34(10):1887-920. doi: 10.1097/HJH.0000000000001039.

11. Saladini F, Mancusi C, Bertacchini F, Spannella F, Maloberti A, Giavarini A,
etal. Diagnosis and Treatment of Hypertensive Emergencies and Urgencies
among Italian Emergency and Intensive Care Departments. Results from
an Italian Survey: Progetto GEAR (Gestione dell'Emergenza e urgenza in
ARea critica). Eur ] Intern Med. 2020;71:50-6. doi: 10.1016/j.ejim.2019.10.004.

12. Marik PE, Rivera R. Hypertensive Emergencies: An Update. Curr Opin
Crit Care. 2011;17(6):569-80. doi: 10.1097/MCC.0b013e32834cd31d.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any thesis or
dissertation work.

Ethics Approval and Consent to Participate

This article does not contain any studies with
human participants or animals performed by any of
the authors.

13. Elliott WJ. Clinical Features in the Management of Selected Hypertensive
Emergencies. Prog Cardiovasc Dis. 2006;48(5):316-25. doi: 10.1016/j.
pcad.2006.02.004.

14. Stewart DL, Feinstein SE, Colgan R. Hypertensive Urgencies and
Emergencies. Prim Care. 2006;33(3):613-23. doi: 10.1016/j.pop.2006.06.001.

15. Levy JH, Mancao MY, Gitter R, Kereiakes D], Grigore AM, Aronson
S, et al. Clevidipine Effectively and Rapidly Controls Blood Pressure
Preoperatively in Cardiac Surgery Patients: The Results of the
Randomized, Placebo-Controlled Efficacy Study of Clevidipine Assessing
its Preoperative Antihypertensive Effect in Cardiac Surgery-1. Anesth
Analg. 2007;105(4):918-25. doi: 10.1213/01.ane.0000281443.13712.b9.

16. Singla N, Warltier DC, Gandhi SD, Lumb PD, Sladen RN, Aronson
S, et al. Treatment of Acute Postoperative Hypertension in Cardiac
Surgery Patients: An Efficacy Study of Clevidipine Assessing its
Postoperative Antihypertensive Effect in Cardiac Surgery-2 (ESCAPE-2),
a Randomized, Double-Blind, Placebo-Controlled Trial. Anesth Analg.
2008;107(1):59-67. doi: 10.1213/ane.0b013e3181732e53.

17. Peacock FW, Varon J, Ebrahimi R, Dunbar L, Pollack CV Jr. Clevidipine
for Severe Hypertension in Acute Heart Failure: A VELOCITY Trial
Analysis. Congest Heart Fail. 2010;16(2):55-9. doi: 10.1111/j.1751-
7133.2009.00133.x.

18. Peacock FW, Varon J, Ebrahimi R, Dunbar L, Pollack CV Jr. Clevidipine
for Severe Hypertension in Patients with Renal Dysfunction: A
VELOCITY Trial Analysis. Blood Press Suppl. 2011;1(Suppl 1):20-5. doi:
10.3109/08037051.2010.539317.

19. Aronson S, Dyke CM, Stierer KA, Levy JH, Cheung AT, Lumb PD,
et al. The ECLIPSE Trials: Comparative Studies of Clevidipine to
Nitroglycerin, Sodium Nitroprusside, and Nicardipine for Acute
Hypertension Treatment in Cardiac Surgery Patients. Anesth Analg.
2008;107(4):1110-21. doi: 10.1213/ane.0b013e31818240db.

20. Kenyon KW. Clevidipine: An Ultra Short-Acting Calcium Channel
Antagonist for Acute Hypertension. Ann Pharmacother. Jul;43(7):1258-
65. doi: 10.1345/aph.1L610.

21. Skoglund PH, Svensson P. Asking the Patient or Measuring Blood
Pressure in the Emergency Department: Which One is Best? Curr
Hypertens Rep. 2016;18(7):53. doi: 10.1007/s11906-016-0659-0.

22. Grassi D, O'Flaherty M, Pellizzari M, Bendersky M, Rodriguez P, Turri D,
etal. Hypertensive Urgencies in the Emergency Department: Evaluating
Blood Pressure Response to Rest and to Antihypertensive Drugs with
Different Profiles. ] Clin Hypertens. 2008;10(9):662-7. doi: 10.1111/j.1751-
7176.2008.00001.x.

23. Praxedes]N SJ, Amodeo C, Giorgi DMA, Machado CA, Jabur P. Encontro
Multicéntrico sobre Crises Hipertensivas: Relatorio e Recomendagoes.
Braz ] Nephrol. 2001. 23(2):1-20.

14



15

Costa-Filho

Pharmacology of hypertensive emergencies

Int J Cardiovasc Sci. 2025; 38:220240117

Review Article

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

Malachias M, Plavnik FL, Machado CA, Malta D, Scala LCN, Fuchs S.
7th Brazilian Guideline of Arterial Hypertension: Chapter 1 - Concept,
Epidemiology and Primary Prevention. Arq Bras Cardiol. 2016;107(3 Suppl
3):1-6. doi: 10.5935/abc.20160151.

Rossi GP, Rossitto G, Maifredini C, Barchitta A, Bettella A, Latella R, et al.
Management of Hypertensive Emergencies: A Practical Approach. Blood
Press. 2021;30(4):208-19. doi: 10.1080/08037051.2021.1917983.

Zampaglione B, Pascale C, Marchisio M, Cavallo-Perin P. Hypertensive
Urgencies and Emergencies. Prevalence and Clinical Presentation.
Hypertension. 1996;27(1):144-7. doi: 10.1161/01.hyp.27.1.144.

Abrahamowicz AA, Ebinger ], Whelton SP, Commodore-Mensah Y, Yang E.
Racial and Ethnic Disparities in Hypertension: Barriers and Opportunities
to Improve Blood Pressure Control. Curr Cardiol Rep. 2023;25(1):17-27. doi:
10.1007/s11886-022-01826-x.

Anderson CR, Collins D, Laursen T, Arave T, Helm M. Stability of Sodium
Nitroprusside in 5% Dextrose Stored at 4°C in Polypropylene Syringes
Protected from Light. Int J Pharm Compd. 2016;20(5):435-37.

Espinosa A, Ripollés-Melchor J, Casans-Francés R, Abad-Gurumeta A,
Bergese SD, Zuleta-Alarcon A, et al. Perioperative Use of Clevidipine: A
Systematic Review and Meta-Analysis. PLoS One. 2016;11(3):e0150625. doi:
10.1371/journal.pone.0150625.

Ludbrook PA, Byrne JD, Kurnik PB, McKnight RC. Influence of
Reduction of Preload and Afterload by Nitroglycerin on Left Ventricular
Diastolic Pressure-Volume Relations and Relaxation in Man. Circulation.
1977;56(6):937-43. doi: 10.1161/01.cir.56.6.937.

Twiner MJ, Hennessy J, Wein R, Levy PD. Nitroglycerin Use in the
Emergency Department: Current Perspectives. Open Access Emerg Med.
2022;14:327-33. doi: 10.2147/OAEM.S340513.

Zhao 'Y, Vanhoutte PM, Leung SW. Vascular Nitric Oxide: Beyond eNOS. ]
Pharmacol Sci. 2015;129(2):83-94. doi: 10.1016/j.jphs.2015.09.002.

Carvajal JA, Germain AM, Huidobro-Toro JP, Weiner CP. Molecular
Mechanism of cGMP-mediated Smooth Muscle Relaxation. J Cell Physiol.
2000;184(3):409-20. doi: 10.1002/1097-4652(200009)184:3<409:: AID-
JCP16>3.0.CO;2-K.

Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, et al.
2020 ESC Guidelines for the Management of Acute Coronary Syndromes
in Patients Presenting without Persistent ST-Segment Elevation. Eur Heart
J. 2021;42(14):1289-67. doi: 10.1093/eurheartj/ehaa575.

Hsieh YT, Lee TY, Kao JS, Hsu HL, Chong CF. Treating Acute Hypertensive
Cardiogenic Pulmonary Edema with High-Dose Nitroglycerin. Turk ] Emerg
Med. 2018;18(1):34-6. doi: 10.1016/j.tjiem.2018.01.004.

Suzuki T, Eagle KA, Bossone E, Ballotta A, Froehlich JB, Isselbacher EM.
Medical Management in Type B Aortic Dissection. Ann Cardiothorac Surg.
2014;3(4):413-7. doi: 10.3978/j.issn.2225-319X.2014.07.01.

Boden WE, Padala SK, Cabral KP, Buschmann IR, Sidhu MS. Role of Short-
Acting Nitroglycerin in the Management of Ischemic Heart Disease. Drug
Des Devel Ther. 2015;9:4793-805. doi: 10.2147/DDDT.S79116.

Csont T, Ferdinandy P. Cardioprotective Effects of Glyceryl Trinitrate:
Beyond Vascular Nitrate Tolerance. Pharmacol Ther. 2005;105(1):57-68. doi:
10.1016/j.pharmthera.2004.10.001.

Kloner RA. Pharmacology and Drug Interaction Effects of the
Phosphodiesterase 5 Inhibitors: Focus on Alpha-Blocker Interactions. Am J
Cardiol. 2005;96(12B):42-6. doi: 10.1016/j.amjcard.2005.07.011.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ferguson JJ, Diver DJ, Boldt M, Pasternak RC. Significance of
Nitroglycerin-Induced Hypotension with Inferior Wall Acute
Myocardial Infarction. AmJ Cardiol. 1989;64(5):311-4. doi: 10.1016/0002-
9149(89)90525-0.

Ishikura F, Beppu S, Hamada T, Khandheria BK, Seward JB, Nehra
A. Effects of Sildenafil Citrate (Viagra) Combined with Nitrate on the
Heart. Circulation. 2000;102(20):2516-21. doi: 10.1161/01.cir.102.20.2516.

Ramey JT, Lockey RF. Allergic and Nonallergic Reactions to
Nitroglycerin. Allergy Asthma Proc. 2006;27(3):273-80. doi: 10.2500/
aap.2006.27.2860.

Rosendorff C; Writing Committee. Treatment of Hypertension in
Patients with Coronary Artery Disease. A Case-Based Summary of the
2015 AHA/ACC/ASH Scientific Statement. Am ] Med. 2016;129(4):372-8.
doi: 10.1016/j.amjmed.2015.10.045.

Fumagalli C, Maurizi N, Marchionni N, Fornasari D. 3-blockers: Their
New Life from Hypertension to Cancer and Migraine. Pharmacol Res.
2020;151:104587. doi: 10.1016/j.phrs.2019.104587.

Papadopoulos DP, Sanidas EA, Viniou NA, Gennimata V, Chantziara
V, Barbetseas I, et al. Cardiovascular Hypertensive Emergencies. Curr
Hypertens Rep. 2015;17(2):5. doi: 10.1007/s11906-014-0515-z.

Aronow WS. Treatment of Hypertensive Emergencies. Ann Transl Med.
2017;5(Suppl 1):S5. doi: 10.21037/atm.2017.03.34.

van den Born BH, Lip GYH, Brguljan-Hitij J, Cremer A, Segura J,
Morales E, et al. ESC Council on Hypertension Position Document on
the Management of Hypertensive Emergencies. Eur Heart ] Cardiovasc
Pharmacother. 2019;5(1):37-46. doi: 10.1093/ehjcvp/pvy032.

Donel S, Novri DA, Hamidy Y, Savira M. Effectiveness of Nifedipine,
Labetalol, and Hydralazine as Emergency Antihypertension in Severe
Preeclampsia: A Randomized Control Trial. F1000Res. 2023;11:1287.
doi: 10.12688/f1000research.125944.2.

Nienaber CA, Clough RE. Management of Acute Aortic Dissection.
Lancet. 2015;385(9970):800-11. doi: 10.1016/50140-6736(14)61005-9.

van den Born BJ, Lowenberg EC, van der Hoeven NV, de Laat B,
Meijers JC, Levi M, et al. Endothelial Dysfunction, Platelet Activation,
Thrombogenesis and Fibrinolysis in Patients with Hypertensive Crisis.
J Hypertens. 2011;29(5):922-7. doi: 10.1097/HJH.0b013e328345023d.

Peacock WF, Chandra A, Char D, Collins S, Der Sahakian G, Ding L, et
al. Clevidipine in acute heart failure: Results of the A Study of Blood
Pressure Control in Acute Heart Failure-A Pilot Study (PRONTO). Am
Heart J. 2014;167(4):529-36.

Cannon CM, Levy P, Baumann BM, Borczuk P, Chandra A, Cline
DM, et al. Intravenous nicardipine and labetalol use in hypertensive
patients with signs or symptoms suggestive of end-organ damage in
the emergency department: a subgroup analysis of the CLUE trial. BM]
Open. 2013;3(3).

Ayaz SI, Sharkey CM, Kwiatkowski GM, Wilson SS, John RS, Tolomello
R, et al. Intravenous enalaprilat for treatment of acute hypertensive
heart failure in the emergency department. Int ] Emerg Med.
2016;9(1):28.

Peacock WF, Varon J, Baumann BM, Borczuk P, Cannon CM, Chandra
A, et al. CLUE: a randomized comparative effectiveness trial of IV
nicardipine versus labetalol use in the emergency department. Crit
Care. 2011;15(3):R157

m' This is an open-access article distributed under the terms of the Creative Commons Attribution License


https://creativecommons.org/licenses/by/4.0/

